
Care Models and Associated Outcomes in Congenital
Heart Surgery

WHAT’S KNOWN ON THIS SUBJECT: Recently, there has been a
shift toward care of patients undergoing congenital heart
surgery in dedicated pediatric cardiac ICUs. The impact of this
trend on patient outcomes is unclear.

WHAT THIS STUDY ADDS: In an analysis of 20 922 patients from
47 centers we were unable to detect a difference overall in
postoperative morbidity or mortality associated with a dedicated
cardiac ICU. There may be a survival benefit in certain subgroups.

abstract
OBJECTIVE: Recently, there has been a shift toward care of children
undergoing heart surgery in dedicated pediatric cardiac intensive
care units (CICU). The impact of this trend on patient outcomes is
unclear. We evaluated postoperative outcomes associated with a CICU
versus other ICU models.

PATIENTS AND METHODS: Society of Thoracic Surgeons Congenital
Heart Surgery Database participants (2007–2009) who completed an
ICU survey were included. In multivariable analysis, we evaluated out-
comes associated with a CICU versus other ICUs, adjusting for center
volume, patient factors, and Society of Thoracic Surgeons–European
Association for Cardiothoracic Surgery surgical risk category.

RESULTS: A total of 20 922 patients (47 centers; 25 with a CICU) were
included. Overall unadjusted mortality was 3.8%, median length of stay
was 6 days (interquartile range: 4–13), and 21% had 1 or more com-
plications. In multivariable analysis, there was no difference in mortal-
ity comparing CICUs versus other ICUs (odds ratio: 0.88 [95% confi-
dence interval: 0.65–1.19]). In stratified analysis, CICUs were
associated with lower mortality only among those in Society of Tho-
racic Surgeons–European Association for Cardiothoracic Surgery cat-
egory 3 (odds ratio: 0.47 [95% confidence interval: 0.25–0.86]), primar-
ily related to atrioventricular canal repair and arterial switch
operation. There was no difference in length of stay or complications
overall or in stratified analysis.

CONCLUSIONS: We were not able to detect a difference in postopera-
tive morbidity or mortality associated with the presence of a dedicated
CICU for children undergoing heart surgery. There may be a survival
benefit in certain subgroups . Pediatrics 2011;127:e1482–e1489
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Outcomes in children undergoing
heart surgery have improved dramati-
cally over the past 3 decades due to
refinement in surgical techniques and
advancements in perioperative care.1

However, evidence to guide optimal
care is still evolving, and there are
few best-practice guidelines. Recently,
there has been a shift toward provid-
ing postoperative care in dedicated
pediatric cardiac ICUs (CICUs) ver-
sus general PICUs or NICUs.2,3 A sur-
vey of US centers found that 45% now
provide care for patients undergoing
congenital heart surgery in a dedi-
cated CICU, and the presence of a
CICU is used as a measure of quality
in ranking US pediatric heart sur-
gery programs.4,5

However, the impact of a dedicated CICU
on patient outcomes following congeni-
tal surgery has not been evaluated to
date. Several adult and pediatric stud-
ies6–13 support the notion that the co-
horting of patients with certain condi-
tions, and specialized care or use
of standardized treatment protocols,
may improve outcomes. The purpose
of this study was to evaluate postoper-
ative outcomes associated with a ded-
icated CICU versus other ICU care mod-
els in a multi-institutional population
undergoing congenital heart surgery.

PATIENTS AND METHODS

Data Source

This study used data from an ICU sur-
vey linked to data from the Society of
Thoracic Surgeons (STS) Congenital
Heart Surgery Database. As previously
described, a survey regarding ICU care
models was administered in 2009 to
US centers caring for patients under-
going congenital heart surgery.4 Data
regarding ICU structure from this sur-
vey were subsequently reviewed by a
panel of cardiologists, critical care
physicians, and congenital heart sur-
geons and verified through direct con-
tact with the program, personal knowl-

edge, and Internet searches. For the
purposes of this analysis, a CICU was
defined as a freestanding unit dedi-
cated to the care of pediatric patients
with congenital and acquired heart
disease. Other ICU caremodels, includ-
ing general PICU, NICU, and CICUs
within a general PICU, were classified
as “other ICU.”

Survey data were subsequently de-
identified and linked to data from the
STS Congenital Heart Surgery Data-
base using a numerical coding system
that the investigators were blinded to.
The STS is a not-for-profit organization
representing surgeons, researchers,
and allied health professionals dedi-
cated to ensuring the best care for pa-
tients undergoing cardiothoracic sur-
gery. The STS National Database, the
largest cardiothoracic surgery clinical
data registry in the world, includes 3
components: (1) the Adult Cardiac Sur-
gery Database; (2) the General Tho-
racic Surgery Database; and (3) the
Congenital Heart Surgery Database. Al-
though data are collected primarily for
quality-improvement purposes, the
STS National Databases also are used
extensively in outcomes research with
more than 100 publications to date.14

The STS Congenital Heart Surgery Da-
tabase currently contains deidentified
data on more than 160 000 surgeries
conducted because 1998 performed at
85 centers in 37 states, representing
nearly three-quarters of all US centers
performing congenital heart sur-
gery.15 Data collected include perioper-
ative, operative, and outcomes data on
all patients undergoing congenital
heart surgery at participating centers.
Data quality and reliability are assured
through intrinsic verification of data
and a formal process of site visits and
data audits.16 The Duke Clinical Re-
search Institute serves as the data
warehouse and analysis center for all
of the STS National Databases. Re-
search performed on the STS Data-

base at the Duke Clinical Research In-
stitute is reviewed by the Duke
University Institutional Review Board.
Because the data used for research
represent a limited data set that was
originally collected for nonresearch
purposes, and the investigators do not
know the identity of individual pa-
tients, the analysis of these data was
declared by the Duke Institutional Re-
view Board to be research not involv-
ing human subjects. This study was
also reviewed and approved by the STS
Access and Publications Committee.

Study Population

Of 85 US centers who have submitted
data to the STS Congenital Heart Sur-
gery Database at any time from 1998 to
present, 57 US centers that completed
the ICU survey in 2009 and submitted
data to the STS Congenital Heart Sur-
gery Database from 2007 to 2009 were
eligible for inclusion. Centers who
changed their care model during the
study period (n � 2), and those with
more than 15% missing data for key
study variables, were excluded (n �
8). Although the STS Database contains
nearly complete data for the core data
fields regarding procedure and in-
hospital mortality, not all centers sub-
mit complete data for the other vari-
ables in the STS Database. Therefore, it
is standard practice to exclude cen-
ters with more than 15% missing data
for key study variables, to maximize
data integrity and minimize missing
data.17 This left 47 centers in the final
study population. Included centers
were similar to the overall cohort
submitting data to the STS Database
during this time period with regard
to outcome (in-hospital mortality:
3.8% vs 3.9%; median postoperative
length of stay: 6 days vs 6 days,
respectively).

Patients from included centers undergo-
ing any surgery classified in the STS-
EuropeanAssociation forCardiothoracic
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Surgery (STS-EACTS) risk stratification
system were included (category 1: low-
est mortality risk [0.8%], category 5:
highest mortality risk [23.1%]).18 This
system recently was developed on the
basis of empiric data from nearly 80 000
patients, and a complete listing of the
specific operations contained within
each risk category has been previously
published.16 This system includes a
greater number of operations com-
pared with other risk-stratification sys-
tems.19,20 Patients aged older than 18
years and those who weighed less than
2500 g undergoing patent ductus arteri-
osus ligation were excluded. Only the
first cardiovascular operation of the ad-
mission was analyzed.

Data Collection

Data collection included demograph-
ics, the presence of any noncardiac ab-
normality or genetic syndrome (de-
fined in the STS Database as asplenia,
polysplenia, Down syndrome, Turner
syndrome, DiGeorge, Williams-Beuren
syndrome, Alagile syndrome, 22q11 de-
letion, rubella, Marfan syndrome, or
any other chromosomal or syndromic
abnormality), the presence of other
preoperative factors (defined in the
STS Database as preoperative me-
chanical circulatory or mechanical
ventilatory support, tracheostomy,
complete atrioventricular heart block,
arrhythmia, shock, acidosis, pulmo-
nary hypertension, renal failure, bleed-
ing disorder, sepsis or endocarditis,
and neurologic deficit or seizures), the
duration of preoperative length of
stay, and the number of previous car-
diothoracic surgeries. The primary op-
eration performed was classified by
STS-EACTS risk category.18 Finally, cen-
ter characteristics also were col-
lected, including center region and av-
erage annual center surgical volume
of STS-EACTS–classified cases during
the study period.

Outcome

The primary outcome was in-hospital
mortality. Secondary outcomes included
postoperative length of stay and postop-
erative complications as defined in the
STSDatabase (includingbleeding requir-
ing reoperation, acute renal failure re-
quiring temporary or permanent dialy-
sis, transient or persistent neurologic
deficit, new-onset seizures, wound or
sternal dehiscence, wound infection,
septicemia, mediastinitis, endocarditis,
respiratory insufficiency requiring rein-
tubation or mechanical ventilatory sup-
port greater than7dayspostoperatively,
cardiac arrest, mechanical circulatory
support, or arrhythmia).

Analysis

Patient and center characteristics were
described using standard summary sta-
tistics and compared between the 2 ICU
groups using the �2 test for categorical
variables and the Wilcoxon rank-sum
test for continuous variables. Unad-
justed outcomes were compared be-
tween ICU groups overall and stratified
by STS-EACTS category using the �2 test
for categorical variables and the Wil-
coxon rank-sum test for continuous vari-
ables. Multivariable logistic and linear
regression then were used to evaluate
the association of CICU with outcome
adjusting for other patient and center
factors. The method of generalized esti-
mating equations was used to account
for correlation between outcomes of pa-
tients at the same center. All models
were adjusted for patient age, weight-
for-age z score, the presence of any non-
cardiovascular or genetic abnormality
or other preoperative factors (as de-
fined above), preoperative length of stay
2 days or longer, any previous cardiotho-
racic surgery, STS-EACTS risk category,
and center volume. Mortality and post-
operative complications were evaluated
in logistic regression models, with odds
ratios and 95% confidence intervals re-
ported. Length of stay was evaluated us-

ing linear regression and was log trans-
formed for analysis because it was not
normally distributed. Results from this
modelwere reportedas thedifference in
log length of stay in the CICU group ver-
susother ICUgroupwith 95%confidence
intervals. Outcomesweremodeled in the
overall cohort and in each STS-EACTS
risk category in stratified analysis. In the
analysis of STS-EACTS category 5, cen-
ters that did not perform any proce-
dures in this category (n� 5) during the
study period were excluded. Finally, we
performed a sensitivity analysis, exclud-
ing the 4 highest-volume centers from
the analysis (who all had a CICU) and re-
ran the model for the primary outcome
variable (mortality) in the overall cohort.
Missing data in the included study popu-
lation were rare (�0.7% for all vari-
ables). Patients with missing data for a
study end point were excluded from
analysis involving that endpoint. All anal-
yses were performed using SAS version
9.2 (SAS Institute, Cary, NC). P� .05 was
considered statistically significant.

RESULTS

Patient and Center Characteristics

A total of 20 922 patients from 47 cen-
ters (28% in the Southeast, 19% in
the Midwest, 19% in the Southwest,
15% in the Northeast, 13% in the
Northwest, and 6% in the West) were
included (25 centers with a CICU
[n � 14 037] and 22 centers in the
“other ICU” group [n � 6885]). The 2
ICU groups were similar regarding
patient gender, weight-for-age z
score, and number of previous car-
diothoracic surgeries (Table 1). The
CICU group had slightly younger pa-
tients, a greater proportion of patients
in higher STS-EACTS categories, and in-
cluded a greater proportion of higher-
volume centers. The other ICU group
had a greater proportion of patients
with noncardiac or genetic abnormal-
ities and other preoperative factors.
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Outcomes
Unadjusted outcomes are displayed in
Table 2. Overall, unadjusted mortality
was 3.6% (CICU) vs 4.1% (other ICU)
(P� .04). There was a statistically dif-
ferent, although likely clinically insig-
nificant, difference in length of stay be-

tween ICU groups and no difference in
complications. Adjusted outcomes are
displayed in Fig 1. In multivariable
analysis, there was no difference in
mortality comparing CICUs versus
other ICUs overall. In stratified analy-
sis, CICUs were associated with signif-

icantly lower mortality in STS-EACTS
category 3. The most commonly per-
formed procedures in STS-EACTS cate-
gory 3 were complete atrioventricular
canal repair (n � 913 procedures
[37%]) and the arterial switch opera-
tion for transposition of the great ar-
teries (n � 559 procedures [23%]).
Mortality for these surgeries in the
CICU versus other ICU group was 1.2%
vs 3.4% (P � .05) and 0.3% vs 5.6%
(P � .0001), respectively. In multivari-
able analysis, there was no difference
between the 2 ICU groups in postoper-
ative length of stay or complications
overall or in stratified analysis (Fig 1).

In a sensitivity analysis excluding the 4
highest-volume centers (which all had
a CICU), results in the overall cohort
for the primary outcome of mortality
were similar to the initial results (ad-
justed odds ratio: 0.89 [95% confi-
dence interval: 0.64–1.22]; P� .5).

DISCUSSION

Nearly half of US centers now deliver
care to patients undergoing congen-
ital heart surgery in a dedicated
CICU.4 In this multi-institutional study

TABLE 2 Unadjusted Outcomes, Overall and Stratified by STS-EACTS Risk Category

Variable Overall,
n� 20922

CICU,
n� 14037

Other ICU,
n� 6885

P

In-hospital mortality, n (%)
Overall 748 (3.8) 500 (3.6) 284 (4.1) .04
STS-EACTS 1 40 (0.5) 20 (0.4) 20 (0.8) .05
STS-EACTS 2 116 (2.0) 69 (1.8) 47 (2.4) .13
STS-EACTS 3 75 (3.0) 38 (2.2) 37 (4.9) �.001
STS-EACTS 4 360 (8.5) 237 (8.1) 123 (9.5) .12
STS-EACTS 5 193 (19.6) 136 (18.5) 57 (22.9) .14
Postoperative length of stay, median
(interquartile range)
Overalla 6 (4–13) 6 (4–13) 6 (4–13) �.01
STS-EACTS 1 4 (3–6) 4 (3–6) 4 (3–6) .14
STS-EACTS 2 6 (4–11) 6 (4–10) 6 (4–11) .06
STS-EACTS 3 8 (5–15) 8 (5–15) 8 (5–15) .89
STS-EACTS 4 12 (7–24) 12 (7–23) 13 (7–26) .25
STS-EACTS 5 25 (14–46) 24 (14–43) 30 (16–52) .03
Postoperative complications, n (%)
Overall 4291 (20.5) 2879 (20.5) 1412 (20.5) .99
STS-EACTS 1 764 (10.2) 473 (9.7) 291 (11.0) .08
STS-EACTS 2 925 (16.2) 608 (16.1) 317 (16.4) .80
STS-EACTS 3 612 (24.7) 410 (23.9) 202 (26.6) .15
STS-EACTS 4 1438 (34.0) 979 (33.3) 459 (35.5) .16
STS-EACTS 5 552 (56.1) 409 (55.7) 143 (57.4) .62

a 10% trimmed means for length of stay. Overall: 8.5 days, CICU: 8.5 days, other ICU: 8.4 days.

TABLE 1 Patient and Center Characteristics

Variable Overall, n� 20922 CICU, n� 14037
(25 centers)

Other ICU, n� 6885
(22 centers)

P

Age, median (interquartile range), mo 6.6 (1.1–46.8) 6.3 (1.0–44.4) 7.3 (1.4–54.0) �.0001
Male, n (%) 11426 (54.6) 7678 (54.7) 3748 (54.4) .72
Weight, median (interquartile range), kg 6.5 (3.7–15.1) 6.3 (3.6–14.7) 6.8 (3.8–16.5) �.0001
Weight-for-age z score, median (interquartile range) �1.07 (�2.1 to�0.1) �1.08 (�2.1 to�0.1) �1.04 (�2.0 to�0.1) .02
Any noncardiac abnormality, n (%) 6182 (29.6) 4003 (28.5) 2179 (31.7) �.0001
Any preoperative risk factor, n (%) 5788 (27.7) 3664 (26.1) 2124 (30.9) �.0001
Pre-operative length of stay�2 days, n (%) 7147 (34.2) 4958 (35.3) 2189 (31.8) �.0001
�1 prior cardiothoracic surgery, n (%) 4677 (22.4) 3173 (22.6) 1504 (21.8) .20
STS-EACTS risk category, n (%)
1 7522 (36.0) 4873 (34.7) 2649 (38.5) �.0001
2 5707 (27.3) 3772 (26.9) 1935 (28.1)
3 2475 (11.8) 1716 (12.2) 759 (11.0)
4 4234 (20.2) 2941 (21.0) 1293 (18.8)
5 984 (4.7) 735 (5.2) 249 (3.6)
Annual center volume
Median number of operations per year
(interquartile range)

160 (104–259) 209 (147–312) 118 (78–178) �.001

�150 22 (46.8) 7 (28.0) 15 (68.2) �.01
150–249 12 (25.5) 7 (28.0) 5 (22.7)
250–349 9 (19.2) 7 (28.0) 2 (9.1)
�350 4 (8.5) 4 (16.0) 0 (0)
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of more than 20 000 patients, we did
not detect a difference in mortality,
length of stay, or complications asso-
ciated with the presence of a dedi-
cated CICU in the overall cohort un-
dergoing congenital heart surgery.
There may be a survival benefit in
certain subgroups.

Previous adult studies6,21 support the
notion that specialized care may im-
prove outcomes. Reports from as early
as the 1960s demonstrated improved
outcomes in adults with acute myocar-
dial infarction after the establishment

of dedicated coronary care units. Im-
proved outcomes also have been re-
ported in adult stroke patients cared
for in dedicated stroke units indepen-
dent of stroke severity.6–8,21,22 Other
studies have demonstrated reductions
in morbidity and mortality for patients
with intracerebral hemorrhage treated
in a neurosurgical ICU.9

Few pediatric studies have evaluated
whether cohorting of patients or spe-
cialized care impact outcomes. Stud-
ies10–12 of pediatric oncology patients
have suggested that those treated at

specialized cancer centers have im-
proved survival. In pediatric asthma pa-
tients, a program involving cohorting of
patients in a dedicated pulmonary unit
staffedby asthma-trainedpersonnel, the
use of standardized treatment proto-
cols, consultation with the patient’s pri-
maryphysician, andcasemanagerswho
facilitated care and communicationwith
families, was shown to reduce length of
stay, use of the emergency department,
and readmissions.13

Previous studies in the congenital
heart disease population have evalu-
ated the association of certain
center-level factors on outcomes af-
ter surgery. Numerous studies23–28

have shown that center surgical vol-
ume is associated with outcome, par-
ticularly in patients undergoing high-
risk procedures. In addition, Berry et
al29 reported that teaching-hospital
status was associated with decreased
mortality for children undergoing the
Norwood operation.

In the present analysis, we found that
ICU structure was not associated with
outcome in the overall cohort of pa-
tients undergoing congenital heart
surgery. It may be that other ICU-
related factors, such as training and
availability of personnel and use of
standardized management protocols,
are of greater importance compared
with structure alone. Previous stud-
ies30,31 have suggested that the 24-hour
onsite presence of an attending criti-
cal care specialist decreases ICU mor-
bidity and mortality in adult and PICU
settings. Other studies32 have demon-
strated the importance of standard-
ized management protocols. Davis et
al32 showed that implementation of a
standardized postoperative care plan
for 65 children undergoing atrial sep-
tal defect repair was associated with
significant reductions in length of stay
and total hospital charges. Fernandes
et al33 evaluated a more diverse popu-
lation of 175 children undergoing

FIGURE 1
Adjusted outcomes associated with a CICU; overall and stratified by STS-EACTS risk category. A,
In-hospital mortality. B, Postoperative length of stay (log days). C, Postoperative complications. OR
indicates odds ratio; CI, confidence interval.
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heart surgery and found that patients
treated according to a standardized
recovery protocol had reduced length
of stay and hospital costs. Standard-
ized management also has been
shown to improve outcome in high-risk
cohorts, such as single-ventricle pa-
tients undergoing the Norwood opera-
tion.34 Finally, it has been hypothesized
that differences in nurse staffing and
skill mix may be important institu-
tional factors influencing outcome.
However, in a large multicenter study,
Hickey et al35 found that whereas there
was significant variation in ICU nursing
characteristics, none of the nursing
characteristics evaluated were signifi-
cantly associated with postoperative
mortality.

In the present analysis, although we
did not find that the presence of a CICU
was associated with improved out-
comes in the overall cohort, there
seemed to be a survival benefit for pa-
tients in STS-EACTS category 3, primar-
ily related to patients undergoing com-
plete atrioventricular canal repair and
the arterial switch operation. The rea-
son for the selective impact in this sub-
group are unclear. It may be that in the
higher-risk categories (STS-EACTS cat-
egories 4 and 5), the complexity of the
procedure or patient-specific factors
outweigh any center factors related to
organization or structure of postoper-
ative care. Alternatively, this could be a
spurious finding. If there is a true dif-
ference in STS-EACTS category 3, it may
be that the presence of a CICU is a sur-
rogate marker for other factors, such
as surgeon and center experience.
Previous analyses24,36 have suggested
that higher center and surgeon case
volume are associated with decreased
morbidity and mortality in patients un-
dergoing the arterial switch operation.
We were able to adjust for the impact
of center volume in our analyses; how-
ever, surgeon experience still may play
a role. In addition, it may be that a mul-

tidisciplinary specialized care team
associated with an CICU fosters earlier
recognition and management of post-
operative complications, such as pul-
monary hypertension in patients un-
dergoing complete atrioventricular
canal repair.37,38 Studies in the adult
cardiac population have suggested
that lower mortality rates in high-
performing centers are due to signifi-
cantly lower mortality associated with
postoperative complications.39

Finally, in evaluating the impact of the
shift toward care in dedicated CICUs,
other factors beyond the scope of this
study may require consideration. In a
recent survey,40 only 13.7% of critical
nurses reported that they would chose
to work exclusively in a CICU and re-
ported feeling less prepared to care
for patients with congenital heart dis-
ease. Thus, recruitment, retention, and
training of nursing staff must be con-
sidered. The impact of ICU structure on
physician training also has been re-
cently evaluated. A survey of pediatric
critical care fellowship programs
found that programs with a CICU rota-
tion had less time for other training
such as sedation/pain management,
toxicology, and surgical rotations.41 Fi-
nally, we were unable to evaluate the
impact of ICU type on resource use or
hospital costs. However, given that
length of stay and complications did
not differ between the 2 ICU groups,
significant differences in resource use
may be unlikely.

Limitations

This study is subject to the limitations
of all observational analyses. Data
from the initial ICU survey were sub-
mitted voluntarily. To minimize self-
reporting error, survey responses
were independently verified. Our ana-
lytic strategy attempted to account for
known patient and center confound-
ers. However, there may be other un-
measured patient confounders that

we were unable to account for. For ex-
ample, the database currently does
not capture data on interventional
catheterization procedures so we
were unable to account for things such
as preoperative balloon atrial septos-
tomy in the patients undergoing arte-
rial switch operation. There also is
likely variation between centers in
many aspects of care. We attempted to
account for this and other center-
related differences by adjusting for
center-level factors and accounting for
intrahospital variation by treating ob-
servations within a hospital as clus-
tered (correlated) observations. In ad-
dition, the small number of patients
and events, particularly in the lower
STS-EACTS categories in our stratified
analysis, likely limited our power to de-
tect small, but perhaps clinically sig-
nificant, differences in outcome.

This study focused only on a subset
of US centers and also may be limited
by selection bias, although the geo-
graphic diversity, range of center
volume, and similarity in outcomes
to the overall cohort included in the
STS Congenital Heart Surgery Data-
base support the generalizability of
our results. In addition, our analysis
was limited to assessment of in-
hospital outcomes, and we were not
able to assess whether differences
in ICU structure impacted longer-
term outcomes. Finally, allthough
this study focused on ICU structure
alone, there are likely several other
important ICU-related factors such
as staffing, training, and availability
of personnel and use of standardized
management protocols, as discussed
above, that also may be important and
require additional evaluation.

CONCLUSIONS

In this large multi-institutional study,
we were not able to detect a difference
in postoperative outcomes associated
with the presence of a dedicated CICU
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in the overall cohort undergoing con-
genital heart surgery. There may be a
survival benefit for certain subgroups.

Additional investigation focusing not
only on ICU structure, but also differ-
ences in personnel and care pro-

cesses, is warranted to elucidate other
ICU-related factors that may impact
outcome in this population.
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